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ABSTRACT 


The Resource Requirements Prediction Model (RRPM) 
was designed as an instructional cost simulation model for 
post-secondary institutions. Experience with applying the 
model to a community college pea aentda that the RRPM was 
sufficiently flexible tc he applicable to a school. The 
purpose of this study was to determine whether the model 
could be used to simulate a school and the usefulness of 
such an application. Version 1.6, of the RRPM, was used 
exclusively in this study. 

The school to be used in the study was selected on 
the basis of four criteria: 1. that the school be small 
enough to facilitate data collection; 2. that there be a 
range of grades; 3. that there be diversity in senior high 
school programs; and 4. that the school administration be 
cognizant of management techniques. 

Staff work summaries, obtained from the school, 
provided information on staff work loads, class sizes, and 
the duration of classes. Student data, also obtained fron 
the school, included grade level and courses’ taken. 
Information on expenditures other than salaries, was 
obtained from both the county office and the principal. 
The county office also provided staff salary data. 

The data were used to model the school in five 


applications of the RRPM 1.6. The parameters required for 
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the simulation of the school were derived from these same 
data. Following the development of a satisfactory model 
of the school, the principal was consulted for the purpose 
of obtaining enrolment projections, and other information, 
to provide a basis for a variety of simulations. These 
Simulations included a time-series prediction of annual 
expenditures to 1980/81. In addition, a number of changes 
to the school, suggested in discussion with the principal, 
were simulated. 

The accuracy, with which the RRPM 1.6 simulated 
the school, was determined by comparing the values 
calculated by the model with those derived directly from 
raw data. The usefulness of applying the RRPM was 
assessed by interviewing the principal and superintendent 
of schools to determine their opinions. 

While the model accurately simulated the current 
operation of the school, other simulations were suspect 
since the model did not accurately represent the 
relationship between enrolments and number of FTE faculty. 
The information reported by the RRPM 1.6 was found to be 
highly relevant to decision-making at the county level but 
less so inv’ the school. The reduced usefulness at the 
school level, was a consequence of the level Of 
aggregation necessary to provide a stable base for 


prediction, i.e., insufficient detail was provided. 
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Chapter 1 


STATEMENT OF THE PROBLEM AND ITS SIGNIFICANCE 

This chapter contains four sections. The first of 
these provides some infcrmation on the development of the 
Resource Requirements Prediction Model and on the 
background to this study. The second section contains a 
Statement of the problem investigated and the sub-problems 
implicit in that problem. The third section provides some 
definitions relevant to a discussion of the function and 
nature of the model as an administrative tool while the 
final section outlines the organization of the thesis and 


includes a summary of Chapter 1. 
INTRODUCTION 


The Resource Requirements Prediction Model (RRPM), 
version 1.6, was designed as an instructional cost 
Simulation model for post-secondary institutions (Clark et 
al., 1972:1). The model consists of a set of six computer 
programs which accept certain data and generate reports 
which provide cost-analytic data for use in administrative 


decision-making. 


The RRPM was developed at the National Center for 
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2 
Higher Educational Management Systems (NCHEMS) at The 
Western Interstate Commissicn for Higher Education (WICHE) 
over a period of several years. The current version, 
number 1.6, of the RRPM was released in December of 1972 
and is an evolutionary product based on, Shede tudes with 
previous NCHEMS products, bisopaveany RRPM 1.3 and the 


Cost Estimation Model (Clark et al., 1972:1). 


Certain faculty members of the Department of 
Educational Administration of the University of Alberta,- 
Wiga, adres D.M. Richards and Dr. EF. Seger, directed a 
project which included the application of the RRPM 1.3 to 
a community college. On the basis of their experiences 
With this project they felt that the RRPM was sufficiently 
flexible to be Sakon tial hy applicable to a_ school. From 


their belief this study originated. 
STATEMENT OF THE PROBLEM 


The problem in this study arises from the 
potential for application to a school due to the 
flexibility of the RRPM 1.6. The problem is two-fold, 
being concerned firstly with the extent to which the RRPM 
1.6 can model and simulate a school, and secondly with the 


value of its use. 
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The problem being investigated in this study can 
be expressed in the form of a question: 

Can the RRPM 1.6 be usefully applied to a school? 
However the statement of the problem in the form of a 
Single question does not midinae a useful basis for 
investigation. Analysis of the question suggests a number 


of sub-problems which form the basis for this study. 


Sub-Problems 
The sub-freblems selected for investigation in. 
this study are represented by the questions enumerated 
below. 
1. Can the RRPM 1.6 be used to model a school? 
2. Can the RRPM 1.6 be used to simulate a school? 
3. How useful ve they SRPN “e126, as? arstoot for 


administrative decision-making at different levels of 


organization? 
SIGNIFICANCE OF THE PROBLEM 


Carpenter and Haggert (1970:28) suggest that 
resource allocation preblems can be handled most easily 
and consistently where a resource/cost model of the 
district has been developed. Such a model would comprise 


a set of mathematical expressions that relate parameters, 
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4 
describing the district and the programs, to estimates of 
costs and resource requirements. The advantage of such a 
model is (Carpenter and Haggert, 1970:28) that the analyst 
can formulate a description of the district at each future 
date and Simulate the results of conducting each 
alternative program within the district. If the RRPM 1.6 
were to prove sufficiently flexible to adequately model 
and simulate a school then its implementation in all 
schools in a district would provide a resource/cost 


allocation model with the advantages mentioned above. 
DEFINITIONS 


Certain terms will be used throughout the thesis 
in describing the function or use of the model. The 
definitions which follow are not only intended to minimize 
semantic difficulties but also to place the model in 
context. These definitions should both assist in 
understanding the model and provide a basis for its 


evaluation. 


The literature related to cost analysis has been 
extensively reviewed in a number of recent theses 
(Fennel, 1972; Meek,1972; Purkess,1971), which are 


available if additional information is required. For the 
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5 
purposes of this study a general definition is most 
useful. Hull (1961:732) suggests that cost analysis 
attempts " Eq) SSO allocate measurable costs to 
predetermined units for a given period ofe tinse.* A 
general definition is mcst appropriate for the purposes of 
this study since both the costs which can be accounted for 
and the units to which those costs can be allocated, are 
determined by the model. Witner (1967:1) identifies some 
potential units to which resources may be allocated, viz., 
a contact period, credit, a major program, course or 


student, most of which are used in the RRPM 1.6. 


Models, Modelling, and Simulation 

Stallard (1970:12) uses the term "model" to 
represent a set of abstract relationships that are 
analogous to relationships perceived or conceived to be of 
the real world. He qualifies this definition by limiting 
the relationships considered to those which are most 
important, significant, or relevant to the purpose of the 
model. This definition is supported by Chestnut 
(1965:108) who defines a model asa" .. . qualitative or 
quantitative representation of a process or endeavour that 
shows the effects of those factors which are significant 
for the purposes being considered." Where the 


relationships are mathematical in nature the model may be 
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6 
categorized as a mathematical model of which the RRPM 1.6 
is an example. 

Modelling is the process or systen while 
Simulation determines hew the process or system will react 
to various conditions or situations it may encounter 
(Chestnut,1965: 107). In terms of the RRPM 1.6 the 
modelling phase consists of defining organizational 
characteristics, in terms appropriate to the model, and 
the various mathematical relationships that the model can 
represent. The Piaidiat tent pease involves the calculation 
of the parameters required by the RRPM 1.6 and the 


analysis of the reports generated. 
OFGANIZATION OF THE THESIS 


Chapters 1,3 and 4 are directly concerned with the 
research process while chapter 2 introduces the RRPM. fhe 
remaining chapter provides a summary of the investigation 
together with some comments based on the experience gained 


in carrying out the study. 


Summary of Chapter 1 

The RRPM 1.6 is a computer based instructional 
cost simulation model which is sufficiently flexible to be 
potentially applicable to a school. This potential raises 


questions related to the possibility of applying the model 
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+ 
to a school and the usefulness of such an application. 
The problem to be investigated is expressed in the form of 
three questions covering these two areas. 

A number of terms used in discussing the RRPM are 
defined to minimize semantic difficulties, ives, cost 


analysis, model, modelling, and simulation. 


Succeeding Chapters 

Chapter 2 provides an overview of the RRPM 1.6. 
After a general introduction the chapter continues with a 
discussion of the types of data used by the model and. 
their application to a school. The research design is 
discussed in chapter 3 while the analytic procedures used, 
together with the findings are described in chapter 4. 
Chapter 5 grovides a summary of the findings together with 
a statement of conclusicns, implications, and suggestions 


for further research. 
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Chapter 2 


THE RESOURCE REQUIREMENTS PREDICTION MODEL 

This chapter provides an introduction to the 
Resource Requirements Prediction Model (RRPM), version 
1.6, and an outline of its intended use. ‘the second 
section consists of a discussion of the types of data used 
in applying the RRPM 1.6 to a school. One focus of this 
discussion is the number of options available for defining 
the data in terms appropriate to a school. The third 
section describes the data contained in the reports. 
generated by the model, while the final section of the 
chapter summarizes the problems arising from the 
application, to a school, of a model designed for 


post-secondary institutions. 
INTRODUCTION TO THE RRPM 1.6 


The Resource Requirements Prediction Model (RRPM), 
version 1.6, consists of six computer programs written in 
the COBOL programming language. These programs accept 
various institutional parameters and the mathematical 
relationships between certain of these parameters. Using 
these parameters and relationships, together with other 
mathematical relationships fixed by the model, the 
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9 
programs control the calculation of various unit costs and 
planning parameters, and the generation of a set of 


reports detailing these. 
USE OF THE MODEL 


The first phase in the implementation of the RRPM 
1.6 is to collect the raw data. The second phase is to 
decide on definitions, appropriate to the institution, of 
terms used by the model. The third phase is the 
calculation of the institutional parameters required by 
the model, using definitions decided upon. Using these. 
parameters the school is then simulated for the purpose of 
validating the model, by comparing variables calculated by 
the RRPM 1.6 with actual values. The data set consisting 
of both input and. calculated data is termed an 
eiteration:* Having developed a validated model for the 
particular institution, simulations are now possible. 

Once a base iteration has been calculated, 
Simulation of changes in the institution is possible. The 
modifications of institutional parameters necessary to 
effect the change being simulated, are used by the model 
to calculate the values of variables representing the 
effect of the simulated change. A series of reports may 
then be generated from the data of this new iteration. 


An awareness of the deterministic nature of the 
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10 
RRPM 1.6 is essential for correct interpretation of the 
reports. AS a consequence of the deterministic nature of 
the model, the reports represent what will actually occur 
Should the input data and mathematical relationships 
accurately represent reality. . Meaningful interpretation 
of the reports is thus dependent upon a knowledge of the 


accuracy of the input data and the validity of the model. 
INPUT DATA 


Many of the terms eee to describe the input data 
required by the RRPM 1.6 are couched in terms more 
appropriate to post-seccndary institutions. This oisana 
natural consequence of the intent of the developers to 
provide as. model for such institutions. However 
considerable flexibility is available in the definitions 
which may be used with the terms and in some cases 
renaming is possible. In the remainder of this section 
each type of datum is discussed in relation to a_ school. 
Information on these data is-contained in an introduction 
to the RRPM 1.6 (Clark et al., 1972) which is part of the 
documentation of the model. In this discussion the terms 
"parameter" and “variabie" have specific referents. 

In the context of this study the term parameter is 
taken to mean either a property of the institution, the 


value of which is derived from raw data, or the value of 
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11 
such a property. The term variable will be used to —_ a 
property of the institution, the value of which is 
calculated by the RRPM 1.6. Thus the same property may be 


a parameter in one situation and a variable in another. 


Definitions 

Seven pcssible Weenie at os may be provided. They 
are: organizational levels; course levels; student levels; 
instruction types; faculty ranks; staff categories; and 


other expense types. If definitions are not provided the 


RRPM 1.6 will prcevide meaningful identifiers. 


Organizational levels. A maximum of three organ- 
izational levels may be defined. If no definitions are 
provided they will be called discipline, department, and 
school. The institution may be described as having a 
number of "schools" each of which consists of a number of 
"departments" each made up of a number of "disciplines." 
The RRPM 1.6 calculates data for the units of the lowest 
level of aggregation, the disciplines, which are then 
aggregated to produce data for the next level, the 
departments, which are in turn aggregated to produce data 
for each school. A final aggregation of data for the 
schools produces data for the institution as a unit. 

The nature of the raw data required for the 


implementation of the model is not affected by decisions 
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concerning the number and definition of organizational 
levels to be used, since any definition requires data on 
individual courses. The level of organization which will 
be defined as the lowest level for use with the RRPM 1.6 
will be decided by considerations of the stability of that 
level over time. An illustrative example is that although 
individual courses may be defined in the lowest 
organizational level, ee is unlikely that such 
characteristics as class size and the teachers! relative 


salaries would be stable from one year to the next. 


Course levels. Up to seven course levels may be 
defined for the institution. If the model were to be 
applied to either an elementary school or a high school 
then ppere would be no problems in defining the course 
levels--each course level would correspond to one _ grade. 
However the application of the RRPM 1.6 to a school of 12 
grades reguires the grouping of grade levels into a 


maximum of seven categories. 


Student levels. A maximum of seven student levels 
may be defined for each program. Programs may be defined 
such that the number of student levels in each does not 
exceed seven. However the RRPM 1.6 provides for an 


average cost per student for each student level and across 


all programs. The excess of grade levels over student 
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13 
levels does not allow one to one correspondence between 
the two thus rendering meaningless the averages of cost 
per student across programs. This feature of the model 
could be used by grouping the 12 grades into a maximum of 


seven categories. 


instruction types. The RRPM 1.6 allows the 
definition of up to five instruction types. This feature 
permits the distinction between types of instruction which 
differ in characteristics affecting such unit costs as 
cost per student and cost per credit. An example of this. 
type of difference is laboratory instruction with its 
smaller class sizes and higher direct instructional 
expenses than conventional classroom instruction. The 


effect of these differences would be a higher ccst per 


student and cost per credit in laboratory instruction. 


Faculty ranks. The maximum of six faculty ranks 
available is appropriate to a post-secondary institution 
where a hierarchy is readily identifiable and a small 
number of salaries make up the faculty salary schedule. 
In a university the six ranks may be defined as professor, 
associate professor, assistant professor, instructor, 
teaching assistant, and other. For each rank an average 


salary could be readily determined. 


A formal hierarchy of teachers in a school is not 
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14 
readily identifiable but must be constructed on the basis 
of. salary. The salary schedule for a school could be 
expected to consist); of) more «steps than: that for a 
post-secondary institution. Thus for use with the model, 
the salaries in a school could be represented by grouping 
them into a maximum of six categories. Fach teacher could 
then be assigned a rank corresponding to the category 


which includes his salary. 


Staff categories. . The RRPM 1.6 permits the 
definition of titles for up to four types of non-teaching. 
support staff assigned to teaching departments, e.g., 


secretary, laboratory assistant, student help. 


Other expense types. Apart from salaries, a 
maximum of seven types of direct instructional expense may 
be defined. These expenses should include all types of 


expenditure by instructional departments, e.g., supplies, 


equipment, telephone, travel, printing, rentals, 
miscellaneous. 
Titles 


Titles of organizational structures must be 
supplied together with information on the hierarchical 
relationships between the organizational levels. The 


model displays these titles in its report. 
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Field of study titles. A field of study yaygue a 

degree program, vocational program, field of interest, or 
represented by the courses undertaken by any group of 
students who might logically be viewed as a homogeneous 
group for the purposes of analysis. The range of grade 
levels, which can be included in a group with a common 


field of study, is restricted by the upper limit of seven 


student levels. 


Discipline titles. A title must be provided for 
each unit at the lowest organizational level--number 1. 
The organizational units of level 1 are the cost centres 
Which become the basis for calculating the unit cost 
(e.g., cost per credit hour) and the average cost per 
student. Although the units of organizational level 1 are 


initially termed "disciplines" they may be renamed to 


conform with usage in the institution being modelled. 


Department titles. Data from the disciplines may 
be aggregated during the preparation of reports. If such 
aggregation is desired tities must be supplied for each 
"department" together with data on the way in which 
disciplines are to be aggregated to form departments. 


Although units of organizational level 2 are termed 


"departments" they may ke renamed. 


ae | yhue es ae ea rr 
a0 (phere fet: ¥n Bis a “eon bene 
a baal i dbs <a i aaa Tehan ‘8 
eadeasnue: oily, be pawony emis 


ual 


ana: Ro° oping? | itt 2iey Linnie to , 


Ee 


ge8abd eu the qpoxp Paris ne buane, Cy Re, : 
Sywe Be, sieht found ass bolt “Sosa! ae 


hice oh 


Lae 2 al) weg sett A208 ates 4 Ho veil its a reac 
it fitaba-tevst : “panneaien ating “tsi ae . 
sea tigs" tac, ast 78 ib tone % esta a ew 
4 Bie “a0 ae pms ta 5% aide ves won 
ts goa suarens oo ‘i | re. ‘Fels. Cae * 


sik biepene Wid ven ‘yeas nent we 
“bation | cates 5 aden oie ae oo besa 


ew ‘gistignaaty aii nas share, _ pefeaa als 
- cite “thy .ioges 30. Rie add eutteuly’ ‘4 
" d59m act ania ad foum Heit con beg tesb 7 sobs 


“Wee xt We sil? ne! “ateb er naiitees creere 


a ‘ os 


/ Atieatingeh ‘iad id Sstapomps ad) 9 : as yest - 
Lo . a 
“eater a8 < org Apes dst neo ia, To! ashe — Aepoag ek 


ye ea 
j 


sat au ayn ol vetoes Wi ‘ | n 


Ses! male, 


16 

School titles. Yet a third level of aggregation 

is available in the model for the preparation of reports. 
If this option is used then titles must be supplied for 
each "school" together with data linking units of 
organizational level ay departments, to particular 


"schools." As with the lower organizational levels the 


third level may also be renamed. 


induced Course Load Matrix  (TCLM) 

CGharkysetd al 0 (4972:9), describes the ICLM in its 
Simplest form as the average number of units taken by a. 
typical student in each program, or field of study, from 
each discipline or department. The credit hour is the 
most common unit of measure (Clarke et al.,1972:10) and is 


the only unit considered in this study. Other units which 


might be used are contact hours, courses, or subjects. 


Enrolment 
The number of students enrolled in each student 


level of every program must be supplied to the model. 


Faculty Salary Schedule 

The salary corresponding to each faculty rank must 
be supplied for each discipline. These data are used, 
together with the calculated number of full time 


equivalent (FTE) faculty of each rank, to compute the 
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Wi 
Salary costs by discipline, course level, and faculty 


rank. 


Ratio of Student Contact Hours to Student Credit Hours 


This ratio establishes the relationship between 
the number of hours students. spend in the classroom and 
the number of credit hours earned. If one credit were 
defined as forty minutes of instruction per week for the 
whole academic year then the ratio of contact hours to 


credit hours would be 0.67. 


Distribution of Student Contact Hours 

The RRPM 1.6 uses the enrolment and ICLM data to 
calculate the total number of student contact hours which 
must be produced by each discipline at each course level. 
The proration of costs to different types of instruction 
requires data on the distribution of student contact hours 
across the different instruction types. The proportions 


of instruction types must be provided for each course 


level of every discipline. 


Class Size 
The average class size must be provided for each 
Instruction «type ~for ali course levels of every 


discipline. 
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The number of contact hours per week of the 

typical faculty member must be provided for each 
instruction type for all course levels of every 


discipline. 


Faculty Rank Distribution 

The RRPM 1.6 requires the proportion of each 
faculty rank teaching each instruction type at each course 
level of every discipline. These data are used in the 
proration of faculty salary costs to instruction types and. 


course levels. 


Chairman and Chairman's Salary 

In, terms. o£ the, -REPM 1.6, )-the position of 
department head in a school corresponds to that of a 
chairman in a post-secondary institution. The data 
required to determine department head's administrative 
costs, are the proportion of his time allocated to 
administration, and his. salary. An additional datum 
required is the basis on which these costs are to be 
allocated” \to»ocotrse: levels, ‘ise., FTE faculty, faculty 
salaries, student credit hours, or a specific course 


level. 
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Number_of Support Staff 
The number of support staff assigned to a 
discipline may be input as a constant, and/or as a 
function of any or all of FTE faculty, credit hours, and 
FTE chairman. In addition the average salary for each 


staff category must be supplied. 


"Other" Discipline Expenses 

Other expenses of each instructional discipline 
are calculated by means of. estimating equations. These 
expenditures may be input as a constant, and/or as a. 
function of any or all of total FTE faculty, total support 
staff, FTE chairman, student credit hours, total faculty 
salaries, and total staff salaries. The basis for 
allocation of these costs to a course level must be 
provided, i.e., faculty salaries, FTE faculty, student 


credit hours, or a specific course level. 


Costs of Other than General Academic Instruction 


If costs of other than direct instruction can be 
identified with specific discipline and course level cost 
centres, the model can accommodate the allocation cf such 
costs to the appropriate cost centres. These costs must 


be calculated external to the model. 
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The model uses a series of estimating equations to 
calculate the cost of organizational activities other than 
general academic instruction. Each cost may be input as a 
constant, and/or as a function of any or all of enrolment, 
student credit hours, FTE faculty, FTE staff, total 
faculty salaries, total staff salaries, and the total 
instructional budget. Each activity other than direct 
instruction may be described by the construction of a 


series of estimating equations. 
CUTPUT DATA 


Data for use in decision-making are provided by 
the RRPM 1.6 in the form of three types of reports. All 
or any of these reports may be obtained with the level of 


aggregation specified by the user. 


The Organizational Budget | 


The organizational budget consists of a series of 


reports on the units at the different organizational 


levels. Each report provides line-item budgets detailing 
the personnel and dollar requirements for the 
organizational units at the level of aggregation 


specified. (A sample of this report format is included in 


Appendix 1). 
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Personnel data. For each faculty rank the salary, 

number of FTE faculty, and a total cost are reported. In 
addition a weighted average salary of all ranks is 
calculated and presented along with the total number of 


FTE and cost for the unit. Data are also provided on the 


distribution of staff and their salaries. 


Other discipline expenses. The discipline 
expenses calculated by the model are displayed along with 
the appropriate titles. . Other discipline expenses 


calculated externally to the model are listed as. 


additional expenses. 


Unit cost data. The distribution, over course 
levels, of. the costs discussed in the previous two 
paragraphs, produces the unit costs. Values reported for 
each course level are total cost, number of credit hours 


produced, and cost per credit hour. 


The_ Program Budget 

The second type of report shows the budget for 
each program, the number of students enrolled in the 
program, the cost per student, and the total cost of each 


program. 


The Institutional Summary 


The institutional summary displays the 
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22 
expenditures of the various institutional activities, 
e.9., general academic instruction, library, physical 


plant operation and maintenance. 
SUMMARY 


Following the collection of raw data on the 
institution a number of definitions must be decided upon, 
e.g., program, icwest level organizational unit, student 
level, and course level. Based on student data, an 
induced course lcad matrix is then calculated. To allow 
the model to determine numbers of FTE faculty and faculty 
salary costs, data are required on faculty salary, ratio 
of student contact hours to student credit hours, 
distribution of student contact hours across instruction 
types, class size, faculty work load, and faculty rank 
distribution. Additional data required are number of FTE 
allocated to departmental administration, the chairman's 
salary, the number of support staff, and other expenses 
and costs. Particular problems in applying the model to a 
school are due to the restriction of the number of both 
student and course levels to a maximum of seven. 

Based on the data outlined above, the RRPM 1.6 
calculates values for the variables of each organizational 
unit. These include the number of FTE of each faculty 


rank, the cost of faculty salaries, other expenses, the 
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Page 
total cost of each course level, and the cost per credit 
hour for each course level. Values displayed for each 
program include total cost, cost per student, and total 
enrolment in the program. The third report type shows a 
breakdown of the expenditures for the various activities 


carried out by the institution. 
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Chapter 3 


RESEARCH DESIGN 
The chapter commences with an outline of the study 
and a discussion of the limitations and delimitations. 
Following this is a consideration of the criteria £oxr 
selection of the school to be used in the study « Data 
sources and collection are then described followed by a 
decription of how the data were treated to produce the 


parameters required by the. RRPM 1.6. 
INTRODUCTION 


This investigation was intended as a pilot study 
to provide information which would assist in further 
considerations of the appropriateness of the RRPM 1.6 asa 
cost analytic tool for use in schools. In this context 
the county office of education was not involved to any 
great extent. The implementation of the RRPM 1.6 as a 
working administrative tool requires an extensive project 


involving administrators at all levels. 
OUTLINE OF THE STUDY 


After the school had been selected, permission was 
obtained from the superintendent to conduct the study. 
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25 
Data on the organization of the school and internal 
expenditures were obtained from school records and by 
interview with the principal, other expenditure data were 
obtained from the county office. The raw data were then 
converted to the form required by the RRPM 1.6 and the 
model applied to the school in a number of different ways. 
The reports generated were evaluated, in consultation with 
the principal, to select the most appropriate basis for 
modelling the school. Data were then obtained on 
enrolment projections, ex penditure trends, and possible 
heuristic applications cf the model. 

Based on the agreed enrolment projections and 
expenditure trends, a number of reports were generated 
which predicted expenditures for the next eight years. 
The potential heuristic applications, discussed with the 
principal, were used as the basis for generating another 
set of reports predicting the effect of given parameter 
changes on expenditure. All reports were then discussed 
with the principal and the superintendent of schools, for 
the purpose of evaluating the applicability of the model 


to the school. 
LIMITATIONS AND DELIMITATIONS 


Contact, with the admininistrative personnel of 


the school district, was limited mainly to the school 
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26 
principal for twe reasons: the cognizance by the principal 
of management techniques; and the preliminary nature of 
this study, which could not be afforded the extensive time 
commitment that would be required for a full scale project 
leading to the implementation of the model. 

The accuracy with which the RRPM 1.6 simulated the 
school was evaluated on an objective basis. The utility 
of applying the model was evaluated on the basis of the 
opinions of those involved in its application, i.e., the 
school principal, the Orca aeaneant of schools, and the 
investigator. The justification for limiting the number 
of people involved in this subjective evaluation is that 
in view of the preliminary nature of this study, 
sufficient .. information would be available from the 
experiences of these pecple to indicate whether or not 
further investigation into the application of the RRPM 1.6 


to schools, would be worthwhile. 
SELECTION OF THE SCHOOL 


The criteria for selection of an appropriate 
school were: 
1. that the school be small enough to facilitate data 
collection; 
2. that there be a range of grades; 


3. that there be diversity in the senior high school 
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2 
programs; and 
4. that the school administration be cognizant of 


management technigues. 
DATA COLLECTION 


Data were obtained from both the school and the 
county office, the latter producing information concerning 
salaries and physical plant maintenance and operation 
costs. Student data cbtained from the school showed the 
enrolment in each program aad the courses taken by each 
student. Staff work load summaries obtained fron the 
school gave the size and duration of each class taught 
together with any non-teaching duties. 

The. school accounts were organized in the 
traditional manner and showed expenditures, other than 
those on salaries and physical plant maintenance and 
operation, of different types for different subject areas 
although not the grade level generating the expenditures. 
This organizaticn concealed. the relationship between 


expenditure and pregrams. 
DATA TREATMENT 


The various concepts used in the RRPM 1.6 required 
definition, in terms appropriate to the school, before the 


parameters required by the model could be calculated from 
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the raw data. Parameters which were calculated included 
class ‘size, distribution» of instruction at each course 
level over faculty ranks and instruction types, and _ the 
induced course load. matrix. These data were available 
from the staff work lcad summaries obtained - from the 


school. 
SUMMARY 


Involvement of the administrative personnel of the 
school district was poneided largely to the principal due 
to the preliminary nature of the study. The raw data 
obtained from both school and county records and by 
interview with the principal were then used as a basis for 
four simulations. The principal was interviewed to 
determine which was the most appropriate simulation. Data 
for experimental use of the model were obtained at this 
same interview. After these data had been used with the 
model, the principal was again interviewed for the purpose 
of assessing the value of applying the RRPM 1.6 toa 
school. 

The school was selected on the basis of size, 
grade range, diversity in senior high school programs, and 
cognizance by the administration of management techniques. 

Data were collected by interviewing the principal 


and consulting school and county records. The school was 
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29 
then defined in terms compatible with the model and the 


Simulation parameters derived. 
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Chapter 4 


ANALYSIS AND FINDINGS 
The conformity of the school to the selection 
criteria is examined. This is followed by three sections, 
each centred around one of the research quae eee posed 
earlier: | 

1. Can the RRPM 1.6 be used to model the school? 

2. Can the RRPM 1.6 be used to simulate the school? 

3. Is the RRPM 1.6 useful as an administrative tool? 
Each section of the chapter will consist of the analysis . 
and findings related to the particular research question 
being considered. A concluding summary will follow the 


third section. 
SELECTION OF THE SCHOOL 


Criteria for selection of an appropriate school 
were outlined in chapter 3. The school met the first 
criterion in that the enrolment was appropriately small, 
300 students. Standard and Stones academic courses were 
offered together with vccational courses, thus providing 
diversity in the programs offered at the senior high 
school level. The principal had obtained the degree of 
Master of Education, from the Department of Educational 
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34 
Administration at The University of Alberta, thus meeting 
the criterion of cognizance by the school administration 


of management techniques. 
CAN THE RRPM 1.6 BE USED TO MODEL A SCHOOL? 


This question can best be answered by considering 
the input and output data separately. The input data 
consist of definiticns cf organizational units together 
With relationships defined from raw data. The output is 
in the form of the various unit costs and planning 
parameters calculated by the RRPM 1.6. With both input 
and output data there are two aspects of evaluation. The 
first aspect is the extent to which the concepts defined 
in the mode] represent the actual relationships in the 
school. The second is the accuracy with which the 
parameters calculated by hand from raw data agree with the 
variates calculated by the RRPM 1.6. 

The extent to which the concepts used in the RRPM 
1.6 are applicable to a school was studied by using a 
variety of definitions in four applications of the model. 
These applications provided the basis for the evaluation, 
by consensus of cpinion in discussion with the principal, 
of the validity of the model. Modifications suggested 
during this discussion were incorporated into a final 


application--Base Year 1972/73--which was used as the 
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32 
basis for a variety of simulations. 

The follcwing sections of the chapter outline the 
way in which the school was modelled in each of the 
applications of the RRPM 1.6. Applications after the 
first were based on the experience gained from preceding 
applications. The modifications to those preceding 
applications are described in the sections dealing with 


the second, third, and fourth applications. 


First Application of the RRPM 1.6 

In the first application of the RRPM 1.6 the main. 
focus was on defining the school in terms compatible with 
the model, and deriving the relationships and parameters 
needed to model the school. The object of this 
application was to provide a basis for subsequent, more 
sophisticated applications. The definition of 
organizational characteristics and the derivation of the 


necessary parameters are discussed in the following 


paragraphs. 


Organizational levels. Twenty-four "departments" 
were defined (Table Ty, each being a logically 
identifiable, coherent, organizational unit which offered 
instruction. These were grouped into four 


"“divisions"--Primary, Elementary, Junior High, Senior 


High--depending on whether they offered courses to only 
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Table 1 


Organizational Units Defined in the First Application 
of the RRPM 1.6: Titles and Relationships 


eee a a a a a a a ee ae ae ee 


Primary Division 
General Primary Department 
Primary Music Department 


Elementary Division 
General Elementary Department 


Elementary Music Department 
Elementary Physical Education Department 


Junior 
Junior 
Junior 
Junior 
Junior 
Junior 
Junior 
Junior 


Social Science Department 
Science Department 
Mathematics Department 
Physical Education Department 
Home Economics Department 
Industrial Arts Department 
Music Department 


Guidance Department 


High Division 


Senior 
Senior 
Senior 
Senior 
Senior 
Senior 
Senior 
Second 


Language Arts Department 
Social Science Department 
Science Department 
Mathematics Department 
Physical Education Department 
Home Economics Department 
Industrial Arts Department 
Language Department 


Business Education Department 
Fine Arts Department 
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grades 1-3, 4-6, 7-9, or 10-12 respectively. 


Course levels. Only three course levels were used 
of the maximum seven permitted by the RRPM 1.6. The same 
three course levels were defined differently for the four 
divisions (Table 2). Since each course level represented 
a different grade level in each division, any data 
aggregated on the basis of course levels were meaningless, 


e.g., course level-01 represented grades 1, 4, 7, and 10. 


Student levels and programs. Only student 
level-01 was used as a result of the way in which programs: 
were defined. Nine programs were defined to represent the 
courses taken by students in grades 1-9 respectively. A 
further six programs were defined to accommodate students 
in grades 10-12 who were categorized as either senior 
matriculation or high school diploma students. The titles 
of these fifteen programs are displayed in Table 3. The 
definition of fifteen programs, each with one student 
level, permitted the calculation of the per student cost 
at every grade level and even in categories within grade 
levels, e.g., matriculation and non-matriculation students 
in the senior high school. The weighted average for the 
one student level, over the whole institution, represented 


the average cost per student in the school. 
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Table 2 


Course Levels Defined in the First Application 


of the RRPM 1.62 


Division 
Primary 
Elementary 
Junior High 


Senior High 


(J 


Corresponding Grade Levels. 


ome SOUESS (Levels. 
1 2 Ewe 
rade) (grade) (grade) 
1 2 3 
4 3 6 
7 8 9 
10 11 4 74 
Table 3 


Titles of the Programs Defined in the First Application 
of the RRPM 1.6. 


a aa a SS 


Ten Matriculation 
Eleven Matriculation 
Twelve Matriculation 
Ten Diploma 

Eleven Diploma 
Twelve Diploma 
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instruction types. While cost. data are not 
reported by instruction type the RRPM 1.6 provides for the 
definition of up to five types. This option was designed 
to distinguish between instruction types with different 
resource requirement characteristics, e.g., industrial 
arts’ instruction--with smaller class sizes and greater 
equipment expenses--may be distinguished from normal 
classroom instruction. In the school being studied no 
such distinctions were normally made. However a 
distinction, between classroom instruction and instruction 
using the gymnasium, was made in the physical education 
departments for the purpose of demonstrating the 


capabilities of the RRPM 1.6. 


Faculty ranks and salaries. The RRPM 1.6 requires 
the categorization of the faculty in each department, on 
the basis of salary, into a maximum of six faculty ranks. 
In this application of the RRPM 1.6 the teachers in each 
department were ranked on the basis of salary with the 
highest salaried teacher being assigned a rank of one 
(Table 4). Data calculated using this definition were 
meaningful for each department but not when departmental 


data were aggregated to produce divisional data. 


ther expense types. Six of the possible seven 


categories of direct instructional expenditure, allowed by 
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Table 4 


3% 


Salaries Associated with the Faculty Ranks Defined 
in the First Application of the RRPM 1.6. 


Department 


General Primary 
Primary Music 
General Elementary 
Elementary Music 


Elem. 
Jun. 
Jun. 
Junior 
Junior 
Junior 
Junior 
Junior 


Junior 


Lang. 
Social Sci. 
Science 


Phys. 


Math 
Phys. 


Ed. 


Arts 


Ed. 


Home Ec. 


Indust. 


Music 


Guidance 


sen. 

Senior 
Senior 
Senior 
Senior 
Senior 
Senior 


Second 


Lang. 


Social 


Science 


Math 
Phys. 


Arts 


Arts 


Sod. 


Eds 


Home Ec. 


Indust. © 


Arts 


Language 
Business Education 
Fine Arts 


9170 
PESS 
8482 
9569 
13100 


8471 
8600 


8471 
12529 


9570 


Faculty Ran 
3 4 
$ $ 
9000 7750 
7760 
8476 8100 
13000 8600 
8100 7786 
8500 
8100 
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the RRPM 1.6 in addition to salaries, were defined to 
correspond tc the line-items used in the school accounts, 
1.e., Supplies, school equipment, capital equipment, 
library and reference books, text- and  work-books, and 
educational media. These expenditures were not listed by 
department or course level or student level, consequently 
a series of arbitrary decisions were necessary to 
apportion them in this way. The resulting calculated data 
were not representative of the pattern of expenditures in 
these categories but served to demonstrate that the RRPM 
1.6 was able to represent data available from appropriate’ 


cost-accounting procedures. 


Induced course _load_matrix_(ICLM). The average 
credit hour load, generated by the students of each course 
level of every program, was calculated from the student 
data. While student data did not distinguish between 
matriculation and non-matriculation students at the senior 
high school level, the distinction was made in this 
application of the RRPM 1.6 to demonstrate the flexibility 
of the model in accommodating changes in administrative 
practice. An example of the data calculated for the ICL 
is that, on the average, grade four students took 31.6 
credits from the General Elementary Department, 2.00 


credits from the Elementary Music Department, and 3.75 
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credits from the Elementary Physical Education Department 


(all credits being taken at course level-01). 


Contact/credit hour ratio. The student credit 
hour is the unit for costing instruction by department. 
The relationship between a student credit hour anda 
student contact hour is a required input to the model. A 
credit hour was defined as forty minutes of instruction 
per week for the academic year, data applying to one 
semester only being apportioned over the two semesters 
making up the academic year. This was modified to 

accommodate a variation arising from the semestering of 
3-credit courses, where three credits were given for the 
equivalent of one hundred minutes of instruction per week 
spread over’ two semesters. The general ratio used was 
0.67, while for the special case of 3-credit courses 
offered over one semester the ratio used was 0.55. The 
use of the two ratios was intended to demonstrate that a 


student credit hour cculd be defined differently for 


different departments or course levels. 


Proporticns of different instruction types. The 
credit hour load calculated for each department at each 
course level is not differentiated by instruction type. 
Consequently the proportions of the instruction types 


offered by each department were calculated from raw data. 
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Class_size. The class size data were obtained 
directly from the staff work load summaries. The average 
class size was calculated for each course level of every 


department. 


Faculty work load and distribution. The policy of 
the school was that the staff ork load should be 1400 
Minutes per week, except for the physical education 
teacher who received scme reduction in lieu of time, 
outside school hours, given to coaching sporting teams. 
Staff work load summaries provided data for the. 
calculation of the proportions of the various faculty 


ranks teaching each instruction type at all course levels 


in every department. 
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The model has a facility which permits the allocation, to 
departments, of expenses which are not included in 
expenditures generated by general academic instruction. 
This facility was used to allocate expenditures, of 
special grants, by the Home Economics and Industrial Arts 


Departments. 


Non-instructional_ expenses. Five non-instr- 


uctional activities were defined, viz., Academic Support, 


General Administrative Services, Institutional Support, 
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Student Services, and Physical Plant Maintenance and 
Operation. Each of these were described by one or more 
estimating equations (Appendix 3). The expenditures were 
entered as constants since they could not be expressed as 
coefficients related to enrolment, number of teachers, 
number of credit hours produced, salaries, or the 
instructional budget. 

The definition of non-instructional activities was 
loosely based on the NCHEMS Program Classification 
Structure (Gulko, 1970). The titles of the activities and 
equations are displayed in Appendix 3. Academic supposes 
was restricted to the library and only salary expenses 
were included. Expenditure for library stock was 
allocated to the instructional departments and thus not 
included as a non-instructional expense. Student services 
expenditure was restricted to that proportion of the 
salary of the counsellor which corresponded to the 
proportion of his time ahve was allocated to counselling 
and career guidance. Institutional support consisted of 
the executive management function of the principal, the 
identifiable expense being the appropriate proportion of 
the principal's salary. General administrative services 
were provided by two clerical assistants, one of whon 
provided support for the school administration while the 


other provided clerical assistance to the instructional 
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Staff. Thus, expenses consisted of the salaries of the 
two clerical assistants. Physical plant maintenance and 
operation costs were made up of the salaries of the three 
caretakers, the cost of utilities, expenditure on the 
caretaker's supplies, and the costs of maintaining 


buildings and grounds. 


Second Applicaticn of the RRPM 1.6 


The second application of the RRPM 1.6 was derived 
from the first by providing a third instruction type and 
ranking salaries over the whole school rather than within. 
each department. The third instruction type--Special 
Project--was defined for the purpose of accommodating 
Supervised project work, for some senior high school 
students, A which no resources were formally allocated 
but for which ereaee were earned. 

Six salary categories were selected by inspection 
of staff salaries--greater than $16000, $16000-13000, 
$12999-11000, $10999-9000, $8999-8000, and less than 
$8000--representing faculty eee 1-6 respectively. In 
establishing the salary schedule for each department an 
average salary, weighted on the basis of the number of 
FTE, was calculated for each faculty rank (Table 5). The 
anticipated advantage of this modification was that data 


aggregated on the basis of faculty ranks would he 
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Table 5 


Salaries Associated with the Faculty Ranks Defined 
in the Second Application of the RRPM 1.6. 


a a a a ae a ee ae ee ee ee ee 


Department af. the speFaculbty2Rahkeatlonse -i8 
1 2 S) y 5 6 
$ > $ $ $ $ 

General Primary 9058 #15 
Primary Music 8600 
General Elementary 9000 Z15S 
Elementary Music 8600 
Elem. Phys. Ed. 9000 8518 7760 
Jun. Lang. Arts f253% -9569.. 8288 
Jun. Social Sci. 16591 13051 8600 
Junior Science 13000 
Junior Math 16591 8286 7786 
Junior Phys. Ed. 11550 8514 
Junior Home Ec. 8476 
Junior Indust. Arts . 

7786 
Junior Music 8600 
Guidance 11533 
Sen. Lang. - Arts T2529 
Senior Social Sci. 13051 
Senior Science 13000 8471 
Senior Math 13100 12529 8100 
Senior Phys. Ed. ; 8478 
Senior Home Ec. 8478 
Senior Indust. Arts 

7786 
Second Language 8600 
Business Education 13000 9570 
Fine Arts 13000 
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meaningful. 


Third Application of the RRPM 1.6 

The third application of the RRPM 1.6 varied from 
the second in that programs and course levels were 
redefined, with a consequent redefinition of student 
levels. The redefinition of programs involved grouping 
the fifteen programs of the previous applications into 
five, on the basis of grade levels. Grade One, Grade Two, 
and Grade Three programs became student levels 1-3 of the 
Primary program; Grade Four , Grade Five , and Grade Six. 
became student levels 4-6 of the Elementary program; Grade 
Seven, Grade Eight, and Grade Nine programs became student 
leveis 1-3 of the Junior High program. Matriculation 
students in grades 10-12 were represented by student 
levels 4-6 of the Senior Matriculation program while the 
non-matriculation students in the same grades were 
represented by student levels 4-6 of the High School 
Diploma program. Recalculation of parameters was not 
necessitated by this modification although the induced 
course load matrix data were reorganized. 

Course levels were redefined--as Primary, 
Elementary, Junior High, Grade Ten, Grade Eleven, and 
Grade Twelve--for the purpose of providing consistency 


among departments. An advantage of this consistency was 
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45 
that data aggregated across departments were meaningful. 
A disadvantage of using six course levels was that cost 
per credit hour data were not available for individual 


grade levels, except in the senior high school. 


The only modification to the third Apalteation was 
to define a third level of organization. The twenty-four 
departments of the previous applications were termed 
"sub-departments" and = grouped to form fourteen 
"departments." These departments were linked to form two. 
"divisions"--Junior and Senior--on the basis of grades 
taught, i-e., grades 1-6 and 7-9 respectively (Table 6). 
The purpose of this modification was to test the facility 
of the RRPM 1.6 to simulate changes in organizational 


structure. 


Final Application of the RRPM1.6 


In consultation with the principal the third 
application of the RRPM 1.6 -was selected as the most 
appropriate model of the school. The criteria used in 
selection were: that cost per student data should be 
available for all grade levels; and that data produced by 
aggregation of lower organizational levels should be 
meaningful. This latter criterion originated in the 


belief that, for time-series predictions, aggregated data 
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Table 6 


Organizational Units Defined in the Fourth Application 


Dee ees eae eee ee ea a a a a a a a aa ee ee 
ee 


JUNIOR DIVISION 


Primary Derartment 
General Primary Sub-Department 
Primary Music Sub-Department 
Elementary Department 
General Elementary Sub-Department 
Elementary Music Sub-Department 
Elementary Physical Education Sub-Department 


SENIOR DIVISION 


Language Arts Department 
Junior Language Arts Sub-Department 
Senior Language Arts Sub-Department 
Junior Social Science Sub-Department 
Senior Social Science Sub-Department 
Junior Science Sub-Department 
Senior Science Sub-Department 
Mathematics Department 
Junior Mathematics Sub-Department 
Senior Mathematics Sub-Department 
Physical_ Education Department 
Junior Physical Education Sub-Department 
Senior Physical Education Sub-Department 
Junior Industrial Arts Sub-Department’ 
Senior Industrial Arts Sub-Department 
Junior Music Sub-Department 
Guidance Department 
Guidance Sub-Department 
Business_Education Department 
Business Education Sub-Department 


Fine Arts Sub-Department 
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47 
were more useful than data, on lower organizational 
levels, which could not be aggregated meaningfully. 

Three modifications, to the third application of 
the RRPM 1.6, were suggested during the interview for use 
in developing the final application. These modifications 
were related toc "other" eae tudenieien expenses, a third 
organizational level, and the naming of the student 
levels. The six student levels were named Grades 1 and 7, 
Grades 2 and 8, Grades 3 and 9, Grades 4 and 10, Grades 5 
and 11, and Grades 6 and 12, respectively. This procedure 
did not require redefinition or the calculation of abe 
parameters. 

A third organizational level was defined by 
linking the’ Primary and Elementary divisions, to form the 
"Junior School," and the Junior and Senior High divisions, 
to form the “Senior School." No recalculation of 
parameters was required to effect this change since all 
that was added was a further stage of aggregation. 

The principal was not satisfied with the 
representation of “other" instructional expenses due _ to 
the arbitrary nature of the proration decisions involved. 
Since an appropriate cost-accounting system was not in 
operation in the school the principal felt that the use of 
the county grant allocation formula would be a more 


realistic and useful approach. The variables calculated 
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48 
by the RRPM 1.6 would then represent a budget based on the 
county's allocation formula, rather than the actual 
pattern of expenditure. The county grant allocation 
formula provided per-pupil grants in three categories, 
i.e., instructional materials, permanent equipment, and 
book repair. These grants were apportioned, to course 
levels in departments, cn the basis of the credit hour 
load generated by the average student as represented by 
the induced course load ma trix. A fourth category of 
"other" instructional expenditure--Grasslands--was defined 
to represent the costs of providing instruction, in 
industrial arts and home economics, to students from 


another school. 


Output Data 

The data calcuiated by the RRPM 1.6 are available 
in three report formats. An “Organizational Budget" is 
available for each organizational unit defined, a "Program 
Budget" is available for each program, and an 
"Institutional Summary" provides a summary of both the 
instructional and non-instructional expenditures of the 
organization. The data available in each type of report 
are considered in the remainder of this section along with 
the extent to which those data validly and accurately 


represent reality. 
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The organizational budget. The organizational 

budget report displays cost data for faculty, other 
expenses, and course levels. Faculty data include the 
weighted average salary and number of full-time equivalent 
(FTE), together with the total cost, for each faculty 
rank. The number of FTE of sick faculty rank is also 
expressed as a percentage of the total number of FTE. The 
costs associated with each faculty rank are expressed as 
percentages of the total instructional expenditures of 
both the organizational unit and the whole institution. 
Total costs are reported, for each of the expense types 
defined, in addition to expenses of other than general 
academic instruction. These totals are also expressed as 
percentages’ of the organizational unit and institutional 
budgets. Data for each course level include: total cost, 
number of student credit hours produced, cost per credit 
hour, number of FTE faculty, and average number of credit 
hours produced per faculty member (productivity ratio). 
Total cost, credit hours produced, and number of FTE 
faculty are also reported as percentages of the 
organizational unit totals for each course level. In 
addition, the number of credit hours is expressed as a 
percentage of the total number of credit hours produced in 
the school. The provision of percentage figures 


facilitates comparison of the relative weights of the 


4 ) 
|“ Phandtseinapso® od eee Tt 
teito eae Pe St85 - “#e0D 2 Velde RD ‘Moqet 
eat. mou ton £ s7sb veigeat te 2 Leviek apmoD fm 7 
fae 188ka pe pmgie~Lloy 70 Spandtieiea hae rn, ee b 

VAS isd inne HAS dado fates oat le sh ocriausiit 

vale ob dupa) va bogs? ‘gowe! fo: Rt ee damn 

silt nti 30 19dann Latadty oAt Ho sp ahlicipns eiail § 
ies pinea tae ats las ot Duan: done dtikar bam F 
oO sand i bneyxe Riche beatles “Ya tot ott ‘toe 
: ri homie it | bestia bre) dia: fondsentnagae 
ki wanaine: Sit Ye dons 30% “shatioger ‘sae 
het dsp a>. padter be 257 regeRS ot mo stsbis A aiid 

besneaaxs ogfs, 6s ‘aided sand? elt. 
ft saoktus Ptah. bun “¥Eaw tale tnstiigwio ag? ie 
(909. LbtoR: repo lout Se Sata AAS. 707: ated 
ey + tbexs 16} eBoy! eau baltge sadiont - tébhaye sashude te. 
. ttBaz> Yio staves a ll (Bae ‘tt hvoes Lk) im sodas 4a 
ban 
{oites Y¢ivi Youborsu): soiitina vohposh - 138 poowborq. 


) 
it aaa | = 
Ld ten ea fae heeubare: re ‘tbegD ar, 6 


iM aif to gape qe $a a ) “Batecees cals ox _ enh | o. 
a : / : Aan © tay aa ; 
aa devel  e27Ho> “dass +63 efetot tian Pe, teed bene ni 


5-88 pakaoigxs ai eigen. + shez to Rk. seta a 20. 


ad, eoubo1q ‘STROM, 1p haa: to Feu betos a ed ee =i ‘ 
; eSigpEy - vBatasoteq = id) foketvang oe? ‘foowpe - me Tek 
F bic) nal to asdniov abutter ag? ne roa tapihos ‘ws oa me 
oa bel Boia “i 
~~ Bor Ashen 


50 
various costs in determining total expenditure. 

The definition of the variables for which data are 
reported was discussed in the preceding section--Input 
Data. In the opinion of the superintendent, all the 
organizational budget data were useful in decision-making 
at the county level. The principal considered unit cost 
data computed for course levels to be too gross for short 
term planning at the school level since details for 
individual courses were more relevant. However the 
principal conceded that in the long term, any data 
calculated for individual courses were too unstable to be 
useable and that less detailed data would be more 
appropriate. 

The’ accuracy, with which the RRPM 1.6 simulated 
the school, was evaluated by comparing values estimated by 
the RRPM 1.6 with values calculated from raw data. 
Variables compared in this way were: number of FTE 
faculty, total cost. of LS hs associated directly with 
instruction, and the total of other expenditures on 
instruction. The difference between the actual ane 
predicted number of FTE of each faculty rank does not 
exceed 0.10 for any one salary rank, 0.15 for any division 
total, and is 0.06 for the whole school (Table 7). The 
total expenditures on salaries directly associated with 


instruction were $151,447 and $151,050--based on raw data 
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51 
Table 7 


Comparison of Estimates of FTE Faculty 
with Actual Numbers 


Organizational Faculty: — Number of FTE 


Unit Rank Actual RRPM Difference 

(1) (2) CV) = 102) 
Primary 4 2.06 2.09 -0.03 
Division 5 -18 eh I J O20 1 
6 1.00 ~90 0.10 
3.24 3 16 0.08 
Elementary 4 390 - 86 0.04 
Division 5 #36 v3 O'S0'2 
6 1.89 1.98 -0.09 


Junior High 1 ak? - 18 ~« 0-0-7 
Division 2 to3sc TEEZ -0.04 
3 - 44 247 -0.03 

4 ~29 -29 0.00 

5 desis: 1.65 -0.07 

6 ~63 =63 0.00 

4,49 4.64 =O. tS 

Senior High 2 155 1.56 -0.01 
Division 3 ar ate -0.01 
4 «37 eat 0.00 

5 1863 Ta63 0.00 

6 29 #29 0.00 

relk. 55 t. SF -0.02 

ALL 1 St? a8 -0.01 
Organizational 2 3.00 Zed 0.02 
Levels 3 Teet6 ts-48 -0.03 

4 32.06 Sot Gas05 

5 S001 3279 -0.08 

6 3.91 3. 86 0.05 

576%. “15.55 0.06 
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52 
and calculated by the RRPM 756 respectively--the 
difference being 0.3% of the actual value. The maximum 
difference between actual and predicted instructional 
expenditures, other than salaries, does not exceed 2.0%, 


of the actual amount, for any category (Table 8). 


Table 8 


Comparison of Predicted and Actual Instructional 
Expenditures Other Than Salaries 


Expenditure Actual Predicted Differences! 

Category $ $ $ % 
Instructional Materials 9254 9241 13 0.14 
Permanent Equipment 292 1318 26 2-01 
Book Repair 161 160 1 G.62 
Other Instruction TE27 1639 12 0.74 


Total 12334 42356 24 0.19 


1Percentage differences are expressed in relation to the 
actual value. 


The program budget. For each student level of 
every program, the program budget (Appendix 2) reports the 
cost per student and number of students, together with 
weighted averages or totals. The number of students is 
also expressed as a percentage of both the number in the 
program and the total number in the school. The total 


cost of each student level and of the program are listed 
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53 
as both dollar values and percentages of both the program 
and total instructional budgets. 

A summary for the institution as a whole contains 
the same information as is reported for each program. The 
definition of a student level to represent two grade 
levels, as described shew considering the final 
application of the model earlier in this chapter, renders 
this summary largely meaningless. 

Both the principal and superintendent agreed that 
cost per student data ae an important input to 
administrative decision-making although more so at the 
county level than in the school. The accuracy of per 
pupil estimates could not be verified against actual data 


Since no alternative source was available. 


The institutional summary. The institutional 


—=s eee eee ee ee 


Summary (Appendix 3) reports summary costs for both the 
instructional and non-instructional activities of the 
school. The data for the instructional program are 
calculated from the input data described earlier. Each of 
the other activities was described by a series of user 
supplied estimating equations. The cost calculated by 
each equation is shown together with the way in which that 
cost was related te the various organizational parameters. 


In this study the actual expenditures were entered as 
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54 
constant amounts, thus describing the expenditures of 
non-instructional activities with a high degree of 
HECUracy piace. , 7 0.084 eSEr6r. However the facility is 
available for a more sophisticated approach to predicting 
non-instructional expenditures, i.e., by relating these 
expenditures to the institutional parameters available in 


the model. 
CAN THE RRPM 1.6 BE USED TO SIMULATE A SCHOOL? 


The model can deacpt changes in the form of new 
parameters calculated by the user. Since any of the 
parameters used in modelling the school may be changed, 
the model was able to accommodate any changes which could 
be described in terms of the concepts used in applying the 
RRPM 1.6 initially. Alternatively the implicit 
mathematical relationships between parameters and 
variables may be used. 

The extent to which any simulation is accurate 
depends on the degree to which the implicit relationships 
represent those in the _ school. The facility to make 
blanket parameter changes is provided for student 
enrolment, faculty salaries, credit to contact hour ratio, 
class size, and faculty work load. These changes must be 
entered as positive or negative percentages for the 


appropriate organizational units and levels. 
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The use of the model to predict future resource 
reguirements assumes a degree of stability in the 
organization. The question arises as to which level of 
aggregation is sufficiently stable to provide an 
appropriate base for prediction yet supply information 
which will be useful in decision-making. Although data on 
each course are required, the RRPM 1.6 reports data by 
course level only. The implicit assumption is that the 
relationships between parameters and variables is more 
likely to be _ stable AS time at the higher level of 
aggregation. Questions of stability can only be answered» 
after the event whether historical data are used, or 
predictions are verified as time progresses. Even the use 
of these approaches does not guarantee that predictions 
will not be rendered inaccurate by unpredictable changes 
in the organization or its environment. Thus evaluation 
of the accuracy with which the RRPM 1.6 can be used to 
simulate the school must focus on the extent to which the 
model represents the parameters and relationships involved 
in the changes. 

Major concepts and associated parameters assumed 
to be stable over time are: the induced course load 
matrix; the distribution of the instructional load, at 
each course level, over faculty ranks and instruction 


types; the definitions of organizational units; and the 
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56 
estimating equations for both instructional and 
non-instructional expenses. While the possibility exists 
of altering these concepts to reflect basic changes in the 
organization, the model is most useful where they are 
stable. Information can then be readily obtained for 
parameters which commonly vary over time, e.g., enrolment, 
Salaries, and class size. 

Using the 1972/73 data as a base, annual 
expenditures were predicted to 1980/81 inclusive. 
Initially these prédict ions were based on the following 
changes: a salary increase of 7% per annum; and 
non-instructional expenditure increase of 5% per annum to 
allow for rising prices. Enrolments were projected on the 
basis of a zere attrition rate, an enrolment of 20 grade 
one students in 1973/74, and subsequent grade one 
enrolments arbitrarily set at 15 or 20 alternately. The 
initial report for 1972/73 predicted the need for 14.79 
FTE faculty, a decrease of 0.76, Lor -a° reduction in 
enrolment of 11. Such a small change in enrolment is in 
reality unlikely to affect the number of FTE required. 
Thus a second prediction was made using the sane 
assumptions as the first together with an adjustment in 
the average class size at each course level, by a 
percentage corresponding to the percentage change in 


enrolments, in the program generating most of the load on 
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57 
that course level. On this basis 15.22 FTE faculty were 
predicted, a decrease of 0.33, which was closer to the 
1972/73 prediction and the number anticipated by the 
principal. 

The relationship between enrolments and the number 
of FTE faculty, was not represented accurately by the RRPM 
1.6. The model calculates the number of FTE faculty by 
using the number of credit hours which must be produced to 
meet student demands, as calculated on the basis of the 
induced course lcad na teas, Thus the changes in the 
number of credit hours demanded, result ina corresponding 
change in the number cf FTE faculty to meet that demand. 
In reality, the number of FTE faculty will only change 
where there is a change in the number of classes, rather 
than in the number of students. The effects of this 
unrealistic representation can be reduced , to a limited 
extent, by changing the class sizes to reflect the effects 
of enrolment changes. 

A number of changes were simulated to demonstrate 
the capabilities of the RRPM 1.6. The accuracy cf these 
Simulations could not be checked against actual data since 
no alternative sources existed. However in each case the 
predicted changes in variables were justifiable as logical 
consequences of the parameter changes. In addition, the 


magnitude of each change was subjectively assessed, in 
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58 
consultation with the principal, to determine the extent 
to which it was intuitively reasonable. 

In the first case salaries were increased by 10% 
and non-instructional expenses by 6% to provide a 
comparison with the prediction for 1973/74--changes of 7% 
and 5% respectively. Faculty age load was increased and 
decreased by forty minutes per day in the next two cases 
based on 1972/73 data. Five cases were then set up to 
predict the effects of a general increase in enrolments of 
10%, 20%, 30%, 40%, and 50%. In an attempt to represent 
these changes more realistically class sizes were 
increased by the same percentage as enrolments to a 
maximum of 20%. The situation in which all students ina 
program might be required to take certain core courses was 
Simulated by changing the induced course load matrix 
(ICLM) so that all matriculation students took five 
credits of instruction in the French language, at an 
appropriate level. A final example of the use of the RRPM 
1.6 was in the addition of a new program. A new 
program--Technical Diploma--was postulated at the senior 
high school level with an hypothetical enrolment and ICLM. 
These cases were considered by the principal to be a 
representative sample of the types of alternatives which 


are assessed in the planning process. 
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ES #ERE OREPS ot 26 eUS EFUL? 


The forty-five minute discussion with the 
superintendent was not long enough for him to gain any 
real understanding of the RRPM 1.6. However focussing 
discussion on the nature of the output data enanied the 
Superintendent to comment on the relevance of orece data 
to planning at the county level. In his opinion the types 
of data reported by the RRPM 1.6 were highly relevant to 
planning at the county level provided that comparative 
data were available from other jurisdictions. This ; 
proviso was based on his belief that school district 
budgets were evaluated, by provincial authorities, on the 
basis of interdistrict comparisons. 

In the opinion of the school principal the RRPM 
1.6 would be more eearil in planning at the school level 
if it provided information on individual courses. [In 
addition he believed that the data available from the RRPM 
1.6 could have been obtained directly from raw data with 
not much more effort Wad. was required to derive the 
parameters required by the model. He was, however, 
prepared to concede that this was a property of the small 
size of his schocl and that in larger schools the RRPM 1.6 
would be of value. The principal also expressed the 


opinion that the use of the RRPM 1.6 to predict future 
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expenditures was appropriate even to small schools. 
SUMMARY 


The selection of the school to be used in this 
study was based on four criteria related to school size, 
range of grade levels, dredrsnty in senior high school 
programs, and school administration cognizance of 
management techniques. 

Two approaches were used in the analysis of data 
for each of the three research questions: the extent to 
which the concepts used in the RRPM 1.6 could be used to; 
represent the school, i.e., the validity of the model; and 
the accuracy of predictions in comparison with actual 
values of variables. In considering the extent to which 
the RRPM 1.6 could be used to model the school the various 
applications of the concepts used in the model were 
discussed then evaluated. The variates calculated by the 
model were compared with the actual values, calculated by 
hand from raw data, for the purpose of evaluating the 
accuracy with which the model simulated the school. | 

The ability of the model to simulate changes in 
the school depended partly on the answer to the first 
research question but was also heavily dependent on the 
stability of the organizational structure. Two types of 


simulation were studied: the prediction of expenditures 
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61 
over time; and the prediction of expenditures for given 
changes in parameters. 

Data related to the question of the usefulness of 
the RRPM 1.6 consisted of the opinions of the principal 


and superintendent as expressed in interviews. 
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Chapter 5 
SUMMARY, CONCLUSIONS, IMPLICATIONS, AND 
SUGGESTIONS FOR FURTHER RESEARCH 
This concluding chapter provides a brief summary 
of the preceding chapters together with a statement of the 
conclusions drawn in so’ to the three research 
questions. Following this is a statement of the 
implications of these conclusions, for use of the RRPM 1.6 
in schools, then some suggestions for further research 
into the use cf the RRPM 1.6 in modelling and simulating 


cost/resource allocation in schools. 
SUMMARY 


This investigation originated in the belief that 
the RRPM 1.6 was sufficiently flexible to model and 
Simulate a school. This belief was based on experiences 
gained in applying the RRPM 1.3 to a community college. 
An additional factor was the need for a cost/resource 
model to overcome the problems of resource allocation in 
schools. 

The school used in the investigation, met the 
selection criteria in that enrolments were small, there 
was a range of grades, senior high school programs were 
diverse, and the schcol administration was cognizant of 
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Management techniques. 

Data were collected by interview with the 
principal and from both county and school records. The 
raw data were used to determine whether the RRPM 1.6 could 
be used to model the school, and as a base for the 
calculation of parameters used ey Simulation of the school 
for the purpose of assessing the validity of the model. 

Evaluation of the RRPM 1.6 centred around the 
three research questions. The validity, with which the 
RRPM 1.6 modelled the school, was analysed by applying the 
model in five different ways, using data from the current 
operating budget as a base for the derivation of the 
relationships supplied to the RRPM 1.6. The validity of 
the model was assessed Ly simulating the current operating 
year, 1972-73, then comparing variates calculated by the 
RRPM 1.6 with those derived from raw data. The accuracy 
of a number of other simulations was inferred from their 
intuitive raccouablencas) Since alternate sources of the 


same data were not available. 
CONCLUSIONS 


The concepts used in the RRPM 1.6 were able to 
model the school, e.g., credit hour, induced course load 
matrix, instruction types, faculty ranks, and 


instructional and non-instructional expense estimating 
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64 
equations. Some concepts, such as course level and 
student level, could not be modelled exactly, since some 
grouping was necessary to fit the twelve grade levels to 
the seven levels provided by the model. Many of these 
concepts were used in part only, due either to current 
administrative practice or lack of suitable data sources. 
The mathematical relationships within the school could be 
modelled, with the exception of that between enrolments 
and FTE faculty. 

No alternative sources were available to permit 
objective comparisons between predicted and actual data. 
Thus accuracy of simulation was estimated by the closeness 
of fit of the model, i.e., simulations of changes were 
only as accurate as the model was valid. Consequently, 
Simulations were inaccurate due to poor representation of 
the relationship between enrolments and FTE faculty, even 
though some compensation was possible by adjusting class 
sizes. | 

Other weaknesses of the RRPM 1.6 were due to 
limitations imposed by the designing of the model for 
post-secondary institutions. The! Linitation) of, both 
student and course levels, to a maximum of seven, reduced 
the detail in which the school was be represented by the 
RRPM 1.6. This same limitation rendered meaningless, some 


of the aggregated data. 
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The data, reported by the RRPM 1.6, were of 

limited use at the school level, i.e., heuristic 
applications and long term predictions for higher 
organizational levels. The value of both these 
applications was influenced by the modelling defects 
discussed in the preceding paragraphs. The RRPM 1.6 was 
potentially more useful at the county level due to the 
greater accuracy of simulation which was achieved when 
data were reported for the school as a_ whole. This was 
reinforced by the greater usefulness, at the county level, 
of both the type of data provided and the level of 
aggregation. Yet another factor supporting the value of 
the RRPM 1.6 at the county level, was that the major 
resource allocation decisions were made at that level. 
The inference of the above discussion is that the RRPM 
1.6, aS an administrative tool, is more likely to be 
useful at the county level rather than in the school. 
This usefulness was paauded by the uncertainty of 
prediction resulting from the poor representation of the 


relationship between enrolments and FTE faculty. 
IMPLICATIONS 


One implication of the above conclusion, is that 
the RRPM 1.6 should only be considered, for application to 


a school, where aggregated data are required for planning 
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66 
decisions at the county level. Such considerations should 
include an evaluation of the extent to which the 
divergence, between predicted and actual values of 
expenditures and planning parameters, is acceptable. 
Additional account should be taken of the potential for 
error in the poor representation of the relationships 
between some variables. 

Another implication, arising from this 
investigation, is that the types of information reported 
by the RRPM 1.6 are of wate in planning decisions at both 
the school and school district levels. This, together 
with the acknowledged usefulness of simulations of the 
school, strongly supports the value of a cost/resource 
allocation model at both levels. Such a model needs to be 
more representative of the mathematical relationships, and 
to facilitate more accurate representation of the 
organizational structure of the school by having fewer 


restrictions than the RRPM 1.6. 
SUGGESTIONS FOR FURTHER RESEARCH 


The value of the types of data reported by the 
RRPM 1.6, at both school and county level suggested that 
research, designed to overcome the weaknesses of the 
model, is worthwhile. Desirable modifications are: 


1. an increase in the maximum number of student and 
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67 
course levels to at least twelve; 

2. the relating of changes in FTE faculty to changes in 
the number of classes, rather than changes in enrolments; 
and 

3. the -eprovision: (of Tuhit tecost«adata andy planning 
parameters for individual Eonesens rather than for course 
levels. 

Two capabilities of the model were not used in 
chis investigation, i.e., the, facility to allocate 
expenditure associated with a department head who carries 
out both teaching and administrative duties; andthe 
ability to prorate expenses generated by non-teaching 
support staff who are assigned to instructional 
departments, Both these capabilities could be studied by 
applying the RRPM 1.6 to a larger school which has these 
types of personnel. 

Conclusions on the appropriateness of the RRPM 
1.6, at the systen level, were based on the advantage of 
comparable information being available were the RRPM 1.6 
to be applied to all schools in the jurisdiction. 
Research into the applicability of the model to the 


system, aS an organizaticnal unit, would be worthwhile. 
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